Introduction
============

Vision impairment and blindness in children can have negative consequences on their health, education and prospects,[@R1]^--^[@R4] which in turn can affect the nation's broader economic prosperity.[@R5]^,^[@R6] Globally, an estimated 19 million children are blind or vision impaired,[@R7] with the majority of vision impairment being preventable or treatable.[@R8] The highest burden of blindness is experienced by children in low-income countries, where the prevalence is estimated to be 0.9 per 1000 children compared with 0.7 per 1000 and 0.4 per 1000 children in middle- and high-income countries,[@R9] respectively; this suggests there are fewer services or else increased barriers to accessing services in low-income countries.[@R8]

School-based eye-care interventions have the potential to provide high-quality and cost--effective services[@R10] that allow the early detection of eye diseases and prevention of blindness, particularly for children living in remote locations.[@R11] Identifying methods of improving and strengthening school-based eye-care interventions, particularly in low- and middle-income countries, is therefore important.

We conducted a systematic review and qualitative analysis to identify and understand methods by which eye-care services for schoolchildren in low- and middle-income countries could be improved. Our analysis was guided by the availability, accessibility, acceptability and quality conceptual framework as presented in the United Nations Committee on Economic, Social and Cultural Rights, General Comment No. 14, The Right to the Highest Attainable Standard of Health.[@R12]

Methods
=======

Systematic search
-----------------

We registered our search on the International prospective register of systematic reviews (CRD42018090316) and followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines[@R13] when identifying studies assessing interventions that improve schoolchildren's access to eye-care services.

This review set out to include all studies evaluating the impact of school-based eye-care interventions in countries that were categorized as low- and middle-income countries in 2017.[@R14] Eligible studies were those that: (i) evaluated the delivery of a school-based eye-care programme through vision screening, refractive services or health promotion activities; (ii) reported the evaluation results as either spectacle compliance rates, quality of vision screening processes, quality of vision screening personnel, or changes in knowledge or attitudes due to health promotion; or (iii) provided other quantitative or qualitative results from follow-up evaluations of school-based eye-care interventions. We included cross-sectional epidemiological surveys, prospective observational studies, qualitative studies, economic evaluations and randomized controlled trials.

Studies were excluded if: (i) they were not conducted in low-and middle-income countries; (ii) the described intervention did not include schoolchildren; or (iii) they did not report data from follow-up evaluation. We also excluded meeting abstracts, conference papers, editorial discussions, books, theses and studies without primary data collection. Systematic reviews that we detected in the initial search were screened to identify any studies initially missed; they were not included in the analysis, however.

We searched the online databases CINAHL, Embase®, ERIC, MEDLINE®, ProQuest, PubMed® and Web of Science^TM^ for articles published between January 2000 and May 2018, using the search terms in [Box 1](#B1){ref-type="boxed-text"}. No language restrictions were placed on the search, but since search terms were in English we only retrieved English abstracts. We imported citations into Covidence software (Veritas Health Innovation, Melbourne, Australia), where two authors independently reviewed titles and abstracts. If the article could not be excluded based on abstract or title, it was included for full-text review. Two authors independently reviewed the full text of potential articles. Some article abstracts identified for full-text review did not have a full text in English, and were translated in full by a native speaker of the language.

###### Search terms used for systematic review of eye-care services for schoolchildren in low- and middle-income countries

1.  Eye-care services

2.  (eye care OR blindness OR ocular OR optom\* OR ophthal\* OR refractive error OR myop\* OR visual acuit\* OR vision screening\* OR visual impairment OR vision impairment OR eye-care OR vision care OR visually impair\* OR amblyop\* OR cataract\* OR spectacle\* OR eyeglass\* OR glasses OR vision)

3.  Education sector

4.  (school\* OR health education OR service\* OR outreach OR school-based OR student\*)

5.  Children

6.  (child\* OR boy\* OR girl\* OR minor\* OR adolescen\* OR juvenile\* OR teen\* OR youth\* OR parent\* OR guardian\* OR student\*)

7.  Accessibility

8.  (access\* OR utiliz\* OR utilis\* OR availability OR appropriat\* OR acceptab\* OR approach\* OR adequ\* OR inadequate OR equity OR inequity OR capability OR health seeking OR health care seeking OR social determinant\* OR health literacy OR health beliefs OR barrier\* OR facilitator\* OR enabler\* OR adherence OR compliance\* OR afford\* OR willingness OR knowledge OR perception\* OR attitude\* OR socioeconomic\* OR participat\* OR predictor\* OR parental education OR key informant\*)

Disagreements regarding inclusion or exclusion at either the title and abstract screening or full text review were resolved by discussion with a third reviewer. Two independent reviewers then appraised study quality using the Mixed Methods Appraisal Tool (v-2011, McGill University, Montreal, Canada),[@R15] resolving discrepancies through discussion. We selected the appraisal tool as it has been used extensively in prior systematic reviews,[@R16] and allows for the critical appraisal of qualitative, quantitative and/or mixed methods studies. This tool is preferable to the use of multiple tools, which may not allow for inter-study comparisons.

Analysis
--------

We analyzed the extracted data qualitatively using NVivo 11 (QSR International, Melbourne, Australia). Thematic deductive coding[@R17]^,^[@R18] was applied to identify the a priori themes from the availability, accessibility, acceptability and quality conceptual framework.[@R12] This framework applies a rights-based approach to analyzing factors related to health system coverage and accessibility, and the underlying determinants that shape them. The framework identifies the systemic characteristics that inhibit or facilitate equitable eye-care outcomes for schoolchildren, while also considering determinants related to sex, culture, education and discrimination.

Results
=======

Of the 24 559 articles initially captured, we identified 48 describing school-based eye-care interventions ([Fig. 1](#F1){ref-type="fig"}).[@R19]^--^[@R66] Identified articles were from 13 countries spanning five World Health Organization (WHO) Regions including Africa (eight studies), the Americas (10 studies), the Eastern Mediterranean (one study), South-East Asia (18 studies) and the Western Pacific (11 studies). Identified articles comprised 19 school-based eye-care programme evaluations,[@R19]^--^[@R33]^,^[@R62]^--^[@R64]^,^[@R66] 16 studies investigating spectacle compliance associations,[@R34]^--^[@R48]^,^[@R65] eight studies exploring the quality of various eye-care screening personnel,[@R49]^--^[@R56] four studies evaluating the effectiveness of eye health promotion,[@R57]^--^[@R60] and one study that included both spectacle compliance and the quality of screening personnel.[@R61] When appraised for quality,[@R15] we classified 18 studies as being of high quality, 20 as medium quality and 10 as low quality. Study characteristics are outlined in [Table 1](#T1){ref-type="table"} (available at: <http://www.who.int/bulletin/volumes/96/10/18-212332>).

![Flowchart used for the systematic review of eye-care services for schoolchildren in low- and middle-income countries](BLT.18.212332-F1){#F1}

###### Studies identified in the systematic review of interventions to improve eye-care services for schoolchildren in low- and middle-income countries

  Study                                Country                       Study design                      Study sample                                                                                                                                              Purpose                                                                                                                                         Quality appraisal^a^
  ------------------------------------ ----------------------------- --------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------- ----------------------
  Castanon Holgui et al., 2006[@R34]   Mexico                        Prospective observational         493 primary and secondary schoolchildren aged 5--18 years                                                                                                 Assess spectacle compliance                                                                                                                     Low
  Carvalho et al., 2007[@R20]          Brazil                        Cross-sectional (prospective)     1517 elementary school teachers or principals                                                                                                             Assess teacher perceptions of school visual health campaigns                                                                                    Low
  Esteso et al., 2007[@R26]            Mexico                        Prospective observational         96 primary and secondary schoolchildren (mean age 12 years)                                                                                               Assess the impact of spectacles on self-reported vision health                                                                                  Medium
  Congdon et al., 2008[@R35]           South Africa                  Prospective observational         8520 primary and secondary schoolchildren aged 6--19 years                                                                                                Evaluate refractive error cut-offs for spectacle provision to more effectively identify children with improved vision and increase compliance   Low
  Lewallen et al., 2008[@R58]          United Republic of Tanzania   Mixed methods                     20 schools (10 intervention, 10 control), 1396 schoolchildren (grades 3 and 4)                                                                            Evaluate trachoma education outcomes, including knowledge and hygiene practices                                                                 High
  Li et al., 2008[@R45]                China                         Prospective cohort                1892 secondary schoolchildren aged 13--16 years                                                                                                           Assess the determinants of spectacle compliance                                                                                                 Medium
  Odedra et al., 2008[@R48]            United Republic of Tanzania   Mixed methods                     108 secondary school students (average age 15 years); 58 intervention group, 50 control group                                                             Assess reasons for poor compliance following in-school provision of spectacles                                                                  Medium
  Wedner et al., 2008[@R38]            United Republic of Tanzania   Randomized controlled trial       125 secondary schoolchildren aged 11--19 years                                                                                                            Assess compliance of free spectacles                                                                                                            High
  Khandekar et al., 2009[@R51]         Islamic Republic of Iran      Mixed methods                     15 parents and 15 teachers                                                                                                                                Evaluate school vision screening in kindergarten, including cost and validity of teacher use                                                    Medium
  Tabansi et al., 2009[@R55]           Nigeria                       Cross-sectional (prospective)     130 teachers, 1300 primary schoolchildren aged 6--11 years                                                                                                Assess accuracy of teacher screenings, compared with research team/doctors                                                                      High
  Zeng et al., 2009[@R40]              China                         Randomized controlled trial       743 secondary schoolchildren aged 12--15 years                                                                                                            Evaluate children's vision and satisfaction with ready-made spectacles                                                                          Medium
  Keay et al., 2010[@R44]              China                         Prospective observational         428 secondary schoolchildren aged 12--15 years                                                                                                            Determine what influences ready-made and custom-made spectacle compliance                                                                       High
  Adhikari & Shrestha, 2011[@R49]      Nepal                         Cross-sectional (prospective)     20 certified medical assistants                                                                                                                           Assess reliability of certified medical assistants in school-based vision screening, compared with paediatric ophthalmologists                  Medium
  Congdon et al., 2011[@R65]           China                         Randomized controlled trial       11 423 primary and secondary schoolchildren aged 12--17 years                                                                                             Effectiveness of an educational intervention to promote spectacle purchase                                                                      Low
  Noma et al., 2011[@R32]              Brazil                        Cross-sectional (prospective)     767 parents                                                                                                                                               Determine reasons for non-adherence to ophthalmic examinations following school screening                                                       Low
  Santos et al., 2011[@R37]            Brazil                        Cross-sectional (prospective)     62 primary schoolchildren aged 6--11 years with refractive error                                                                                          Assess compliance of children to their first pair of glasses                                                                                    Low
  Noma et al., 2012[@R33]              Brazil                        Cross-sectional (prospective)     14 651 primary schoolchildren aged 7--10 years                                                                                                            Determine reasons for non-adherence to ophthalmic examinations following school screening                                                       High
  Pereira et al., 2012[@R21]           Timor-Leste                   Cross-sectional (prospective)     21 school health nurses, 1819 children screened                                                                                                           Evaluate efficacy of eye health outreach services                                                                                               Medium
  Rajaraman et al., 2012[@R23]         India                         Mixed methods                     52 children aged 9--17 years, 35 school staff, 13 school health counsellors, 4 parents and 3 clinicians                                                   Evaluate the effectiveness of delivery of school health promotion by lay school health counsellors                                              High
  Rustagi et al., 2012[@R36]           India                         Mixed methods                     51 secondary schoolchildren aged 11--18 years, sampled for refraction, out of 1075 screened                                                               Assess the magnitude of vision impairment among children and their spectacle compliance                                                         Medium
  Balasubramaniam et al., 2013[@R64]   India                         Qualitative                       35 parents with school-aged children and 16 eye-care specialists                                                                                          Effectiveness of school vision screening                                                                                                        Medium
  Gogate et al., 2013[@R43]            India                         Cross-sectional (prospective)     1018 secondary schoolchildren aged 8--16 years                                                                                                            Assess spectacle compliance among rural children                                                                                                High
  Rewri et al., 2013[@R61]             India                         Cross-sectional (prospective)     7411 secondary schoolchildren aged 11--19 years                                                                                                           Evaluate students' ability to self-examine their vision and seek intervention such as spectacles                                                High
  Thummalapalli et al., 2013[@R60]     India                         Prospective observational         104 primary school teachers                                                                                                                               Evaluate effectiveness of eye health promotion and screening intervention among teachers                                                        Low
  Bai et al., 2014[@R62]               China                         Cross-sectional (retrospective)   19 977 primary school students (in grades 4 and 5)                                                                                                        Effectiveness of school vision screening                                                                                                        Medium
  Latorre-Arteaga et al., 2014[@R52]   Peru                          Cross-sectional (prospective)     21 teachers                                                                                                                                               Evaluate the effectiveness of teacher vision screening and estimate childhood refractive error prevalence                                       Medium
  Ma et al., 2014[@R46]                China                         Randomized controlled trial       3177 primary schoolchildren aged 8--13 years in 251 schools                                                                                               Assess the effect of free spectacle provision on academic performance                                                                           Medium
  Puri et al., 2014[@R22]              India                         Cross-sectional (prospective)     5404 children aged 8--15 years screened and 71 teachers surveyed                                                                                          Evaluate school vision programme                                                                                                                Medium
  Teerawattananon et al., 2014[@R56]   Thailand                      Mixed methods                     5885 students; 1335 pre-primary children aged 4--6 years, 4550 primary children aged 7--12 years                                                          Assess accuracy and feasibility of teacher screening                                                                                            Medium
  Zhou et al., 2014[@R25]              China                         Mixed methods                     136 urban primary schoolchildren aged 9--11 years, 290 rural secondary schoolchildren aged 11--17 years, 16 parents                                       Assess the take-up of adjustable-lens spectacles among children and parents                                                                     High
  Anuradha & Ramani, 2015[@R63]        India                         Cross-sectional (prospective)     123 optometrists or optometry students                                                                                                                    Effectiveness of optometry students in conducting school-based single-day vision screening                                                      High
  Fontenele et al., 2015[@R27]         Brazil                        Cross-sectional (prospective)     94 school health nurses aged 20--29 years                                                                                                                 Assess the involvement of nurses in children's eye health                                                                                       Medium
  Hobday et al., 2015[@R28]            Timor-Leste                   Mixed methods                     384 primary schoolchildren aged 10--17 years; teachers and parents (number undisclosed)                                                                   Evaluate an in-school health promotional intervention                                                                                           Medium
  Juggernath & Knight, 2015[@R29]      South Africa                  Randomized controlled trial       37 teachers or principals; 19 in intervention group (aged 23--67 years), 18 in control group (aged 21--59 years)                                          Assess teacher visual acuity screening following training                                                                                       Medium
  Ma et al., 2015[@R31]                China                         Randomized controlled trial       2840 primary schoolchildren aged 8--13 years in 249 schools                                                                                               Assess the safety of spectacles in rural context where a fear that spectacles harm the eyes is an important barrier                             High
  Priya et al., 2015[@R53]             India                         Case--control                     917 teachers                                                                                                                                              Assess cost and effectiveness of screening programme involving all teachers, compared with using a limited number of teachers                   High
  Saxena et al., 2015[@R54]            India                         Cross-sectional (prospective)     40 teachers, 9838 primary schoolchildren aged 6--15 years                                                                                                 Assess accuracy of teacher screenings, compared with primary eye-care workers                                                                   High
  Wang et al., 2015[@R24]              China                         Cross-sectional (prospective)     4376 primary schoolchildren aged \~9--12 years; 4225 migrant children and 151 local children                                                              Measure prevalence of spectacle need and ownership among migrant children                                                                       Low
  Yi et al., 2015[@R39]                China                         Randomized controlled trial       693 primary schoolchildren aged 10--12 years                                                                                                              Assess the effect of the provision of free spectacles, combined with teacher incentives, on compliance                                          High
  Glewwe et al., 2016[@R42]            China                         Mixed quantitative                28 798 primary schoolchildren aged 10--12 years                                                                                                           Determine the impact of free spectacle provision on children's academic performance                                                             High
  Kaur et al., 2016[@R50]              India                         Cross-sectional (prospective)     253 teachers                                                                                                                                              Assess the effectiveness of teacher screening in identifying eye problems in children                                                           Medium
  Latorre-Arteaga et al., 2016[@R30]   Peru                          Cross-sectional (prospective)     355 teachers                                                                                                                                              Assess teacher screening programme implementation following pilot phase                                                                         High
  Chan et al., 2017[@R57]              United Republic of Tanzania   Cross-sectional (prospective)     120 schoolchildren aged 11--12 years                                                                                                                      Effectiveness of child-to-child health promotion strategy                                                                                       High
  de Melo et al., 2017[@R19]           Brazil                        Cross-sectional (prospective)     74 primary and secondary schoolchildren aged 13--18 years                                                                                                 Effectiveness of an educational intervention on the topic of disability                                                                         Low
  Morjaria et al., 2017[@R47]          India                         Randomized controlled trial       460 secondary school aged 11--15 years; 232 ready-made spectacles, 228 custom-made spectacles                                                             Compare compliance between ready- and custom-made spectacles                                                                                    Medium
  Paudel et al., 2017[@R59]            Viet Nam                      Prospective cohort                300 children aged 12--15 years                                                                                                                            Assess the effect of eye health promotion on eye health literacy in schools                                                                     High
  Ebeigbe, 2018[@R66]                  Nigeria                       Qualitative                       35 parents of schoolchildren aged 5--12 years                                                                                                             Assess the factors that influence the seeking of eye-care                                                                                       Medium
  Narayanan & Ramani, 2018[@R41]       India                         Non-randomized controlled trial   8442 secondary schoolchildren aged 13--17 years screened; 238 required spectacles, of which 124 formed the intervention group and 114 the control group   Assess spectacle and referral compliance following school screening programme                                                                   Low

^a^ We appraised the quality of study methods by using the Mixed Methods Appraisal Tool (v-2011). Studies were classified as high quality if \> 90% of criteria were adequate, medium quality if \> 60 to 90% of criteria were adequate, low quality if \> 30 to 60% of criteria were adequate and very low quality if ≤ 30% criteria were adequate. No studies of very low quality were eligible for inclusion, so no studies were excluded based on this quality assessment.

Availability
------------

### School-based eye-care interventions

Recent guidelines for school-based eye-care recommend screening all primary schoolchildren for reduced visual acuity, with annual screening thereafter for new students and those previously prescribed spectacles to maintain correct prescriptions.[@R67] The same guidelines are recommended for secondary schoolchildren in the first two years, followed by a re-screening of all students in the third year.[@R67] However, several studies noted that these guidelines were not being met by some school-based eye-care programmes,[@R27]^,^[@R49]^,^[@R55]^,^[@R62] with some children having never been screened.[@R52] Routine vision screening within schools can provide a solution to poor uptake of care external to education systems.[@R33]^,^[@R37] A study that conducted mass vision screenings in 51 Indian schools at the start of each academic year was identified as a cost--effective intervention.[@R63] Many studies noted the availability of uncomplicated referral pathways between education and health systems, and clarity regarding referral processes, as being crucial in successful follow-up, provision of spectacles and continuity of care.[@R20]^,^[@R22]^,^[@R23]^,^[@R29]^,^[@R32]^,^[@R33]^,^[@R41]^,^[@R51]^,^[@R61]^,^[@R64] For example, a study exploring children as potential vision screeners found that, despite being effective screeners, they were not held with sufficient credibility when referring those they screened to other health services.[@R57] Inappropriate or overprescribing of spectacles was identified in studies from India and Mexico,[@R26]^,^[@R43] suggesting that the prescribing of spectacles for moderate vision impairment should be balanced with cost and willingness to pay.[@R43] Overarching factors in the provision of successful school-based eye-care interventions included communication between health services and schools, the willingness of schools to schedule sufficient time while minimizing impact,[@R52]^,^[@R63] and the support of principals, staff and parents.[@R23]^,^[@R28]^,^[@R29]

### School-based eye-care resources

An insufficient number of eye-care specialists created barriers to referrals and follow-ups in China,[@R62] India[@R22]^,^[@R23]^,^[@R64] and Peru.[@R30] As the availability of eye-care specialists can be limited in school settings, particularly in low- and middle-income countries, studies have investigated the use of teachers, nurses, certified medical assistants and key informants for the provision of screening and basic eye-care for children.[@R20]^,^[@R21]^,^[@R29]^,^[@R51]^--^[@R54]^,^[@R56]^,^[@R58]^,^[@R60]^,^[@R62] Several studies found that training teachers in vision screening enabled the provision of a good-quality[@R51]^,^[@R53]^,^[@R56] and cost--effective service,[@R53] while facilitating the opportunity to motivate spectacle use among students.[@R54] Two studies reported that the use of teachers as vision screeners did not create significant burdens on normal workloads, and in fact enhanced rapport with children and parents.[@R50]^,^[@R56] Evidence from Brazil,[@R27] Nepal[@R49] and Timor-Leste[@R21] highlighted the benefits of school-based vision screening performed by trained nurses or certified medical assistants.

Studies reported that the lack of facilities[@R20]^,^[@R23] and tools,[@R51]^,^[@R55] such as appropriate charts for vision screening, was a potential barrier to implementing school-based eye-care programmes. The supply of low-cost spectacles was identified as increasing spectacle acceptance in China,[@R24]^,^[@R39]^,^[@R45]^,^[@R46] Mexico[@R26] and Timor-Leste.[@R21] However, other studies reported that spectacle acceptance may be low with free or low-cost spectacles,[@R38]^,^[@R42]^,^[@R43] which can be linked to parental concerns of poor quality.[@R65]

### Health plans and policies

A key policy-based facilitator to the prioritization of child eye-care is uptake and execution of a national eye-care plan,[@R50]^,^[@R53]^,^[@R61] and the inclusion of eye-care in school health policy.[@R28]^,^[@R29]^,^[@R50]^,^[@R55]^,^[@R58] Studies assessing the feasibility of school-based eye-care interventions, such as the targeting of trachoma in the United Republic of Tanzania,[@R58] vision screening in Peru,[@R30] South Africa[@R29] and Thailand,[@R56] and the provision of free spectacles in China,[@R39] noted that success was dependent on multidisciplinary support from health and education ministries. The level of collaboration between ministries may either facilitate[@R20]^,^[@R28]^,^[@R30]^,^[@R58] or inhibit[@R62] the coordination and success of interventions at the school level. An example from a trachoma intervention in Tanzanian schools outlined that, while elimination of trachoma was prioritized in health policies, it also needed to be incorporated into education curriculums if progress was to be made.[@R58] Since achieving shared responsibility of the monitoring and execution of policies targeting eye health is considered important in the success of school-based eye-care interventions in low- and middle-income countries, partnerships between ministries and nongovernmental or private organizations are considered crucial.[@R21]^,^[@R30]^,^[@R52]^,^[@R56]^,^[@R62]

Accessibility
-------------

### Economic and physical accessibility

The cost of spectacles for children was identified as a significant barrier in many settings.[@R42]^,^[@R45]^,^[@R66] Factors associated with a higher willingness to pay for spectacles included previous or current ownership of spectacles,[@R35] regular spectacle wear,[@R45] a recognized need for spectacles or an understanding that vision improves with spectacles.[@R35]^,^[@R56] An additional economic factor that was reported to influence the demand of parents or guardians for eye-care services and spectacles was the loss of daily wages[@R64]^,^[@R66] due to a lack of a carer to accompany children to additional appointments.[@R33] Approaches to reduce programme costs were reported as sourcing instrumentation from local tertiary institutions,[@R63] and the use of cost--effective personnel (e.g. school health counsellors[@R23] or teachers[@R54]) and appropriate spectacle correction protocols. Examples of correction protocols include only prescribing spectacles for moderate or severe refractive error,[@R34]^,^[@R56] and the use of ready-made spectacles.[@R40]^,^[@R47] The geographical inaccessibility of specialist eye-care services was also a barrier reported by parents.[@R32]^,^[@R48]

### Information accessibility

Studies have identified misconceptions regarding the causes[@R42]^,^[@R48]^,^[@R56]^,^[@R61]^,^[@R64]^,^[@R66] and treatment[@R36]^,^[@R38]^,^[@R45]^,^[@R48]^,^[@R65]^,^[@R66] of eye disease and vision impairment as a significant barrier. Poor literacy, lack of awareness of eye health and misconceptions among parents were all reported as having an impact on seeking care, age of presentation and treatment choices for children.[@R28]^,^[@R56]^,^[@R64] A prominent misunderstanding regarding the wearing of spectacles is that they weaken or harm the eyes, resulting in the reluctance of parents to obtain them.[@R36]^,^[@R45]^,^[@R48]^,^[@R65]^,^[@R66]

### Gender inequity

Gender inequity in some countries presents barriers to school attendance among girls, which can subsequently affect access to school-based eye-care. A Nepalese study reported that irregular school attendance among girls may affect access to eye-care.[@R49] However, a programme providing outreach eye-care to schools in Timor-Leste resulted in greater gender equity among participants.[@R21]

Acceptability
-------------

### Cultural appropriateness

The perspectives of children, parents, eye-care specialists, teachers and the broader community all affect the success of school-based eye-care interventions. Any intervention must be culturally appropriate, as longstanding cultural practices can have a stronger influence than national health policy.[@R60] For instance, a study from India identified how children's participation in school-based eye-care programmes can be influenced by elderly family members, hindering parental decision-making.[@R64] The planning of school-based vision screening should also account for religious or cultural practices,[@R63] and understand emergent local beliefs. For example, a health promotion intervention in the United Republic of Tanzania was hindered by local beliefs that the services provided were linked to the recruitment of cult group followers through the outreach activities.[@R57]

### Sex

Sex-related factors associated with spectacle wear varied. In India, aesthetic norms that view spectacles as cosmetically unappealing among girls[@R64] were also linked to marriageability, therefore affecting uptake and utilization.[@R36] Similarly, girls were more likely to refuse spectacles than boys in western China.[@R42] However, studies evaluating spectacle compliance at unannounced follow-up visits found that boys were significantly less likely to be wearing spectacles ([Table 2](#T2){ref-type="table"}) in China[@R44]^,^[@R65] and South Africa;[@R35] no differences between boys and girls were observed elsewhere, however. Sex also influenced the success of health promotion activities in the United Republic of Tanzania[@R57] and Viet Nam.[@R59]

###### Spectacle compliance and acceptability from systematic review of eye-care services for schoolchildren in low- and middle-income countries

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Study                                                                                          Study sample and follow-up period                                                          No. of participants (%)                                 Spectacle compliance or acceptance                                                                                                                                                                                                                               Factors assessed for association with increased spectacle compliance or acceptance                                                                                                               Reasons reported for non-purchase or non-wear
  ---------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------ ------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Randomized/non-randomized controlled trials: spectacle promotion**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                

  Congdon et al., 2011[@R65]                                                                     Spectacle promotion:^a^ *n* = 2236;\                                                       Spectacle promotion: 1622 (72.5);\                      Spectacle promotion:\                                                                                                                                                                                                                                            Purchasing spectacles:^c^\                                                                                                                                                                       Lack of perceived need (34.0%, 738/2170), satisfied with current spectacles (30.5%, 662/2170), fears that spectacles will harm eyes (13.2%, 287/2170)
                                                                                                 Control: *n* = 2212\                                                                       Control: 1578 (71.3)                                    purchased, 25.7% (417/1622);\                                                                                                                                                                                                                                    Significant: female, poorer uncorrected VA at baseline, higher refractive error, shorter follow-up after spectacle provision\                                                                    
                                                                                                 Announced single visit 6 months after dispensing spectacles                                                                                        wearing/in possession, 82.0% (342/417)\                                                                                                                                                                                                                          Non-significant: age, best corrected VA, having spectacles at baseline, randomized to intervention group\                                                                                        
                                                                                                                                                                                                                                                    Control:\                                                                                                                                                                                                                                                        Wearing/in possession of spectacles:^c^\                                                                                                                                                         
                                                                                                                                                                                                                                                    purchased, 34.0% (537/1578);\                                                                                                                                                                                                                                    Significant: female, poorer uncorrected VA at baseline\                                                                                                                                          
                                                                                                                                                                                                                                                    wearing/in possession, 87.2% (468/537)                                                                                                                                                                                                                           Non-significant: age, best corrected VA, refractive error magnitude, having spectacles at baseline, randomized to intervention group                                                             

  Narayanan & Ramani, 2018[@R41]                                                                 Intervention package:^b^ *n* = 124;\                                                       Intervention package:\                                  Intervention package: wear at 1 month, 46.5% (47/101^g^); wear at 4 months, 52.9% (55/104^g^)\                                                                                                                                                                   NR                                                                                                                                                                                               NR
                                                                                                 Control: *n* = 114\                                                                        1 month, 101 (81.4); 4 months, 104 (83.9)\              Control:\                                                                                                                                                                                                                                                                                                                                                                                                                                                         
                                                                                                 Three unannounced single visits at 1 and 4 months after dispensing spectacles              Control: 1 month, 102 (89.5); 4 months, 96 (84.2)       wear at 1 month, 17.6% (18/102); wear at 4 months, 23% (22/96)                                                                                                                                                                                                                                                                                                                                                                                                    

  **Randomized/non-randomized controlled trials: free spectacles versus purchased spectacles**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        

  Wedner et al., 2008[@R38]                                                                      Free spectacles: *n* = 68; Prescription only: *n* = 57\                                    Free spectacles:\                                       Free spectacles:\                                                                                                                                                                                                                                                Significant:^c^ worse VA, myopia (refractive error status)\                                                                                                                                      NR
                                                                                                 Single visit 3 months after intervention provided                                          58 (85.3);\                                             wearing or in possession, 46.6% (27/58)\                                                                                                                                                                                                                         Non-significant:^c^ provided with free spectacles                                                                                                                                                
                                                                                                                                                                                            Prescription only: 50 (87.7)                            Prescription only: wearing or in possession, 26.0% (13/50)                                                                                                                                                                                                                                                                                                                                                                                                        

  Ma et al., 2014[@R46]                                                                          Free spectacles: *n* = 527; Free spectacles + education: *n* = 626;\                       Free spectacles: 506 (96.0);\                           Free spectacles: 36.8% wearing (194/527); Free spectacles + education: 43.9% wearing (275/626); Voucher: 37.6% wearing (185/492); Voucher + education: 35.4% wearing (176/496); Control: 25.3% wearing (129/510); Control + education: 26.0% wearing (137/526)   Significant:^c^ provided spectacles voucher (without education); provided spectacles (with education); provided free spectacles (without education); provided free spectacles (with education)   NR
                                                                                                 Voucher: *n* = 492; Voucher + education: *n* = 496;\                                       Free spectacles + education: 598 (95.5);\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 
                                                                                                 Control: *n* = 510;\                                                                       Voucher: 473 (96.1);\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     
                                                                                                 Control + education: *n* = 526\                                                            Voucher + education: 474 (95.6);\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         
                                                                                                 Unannounced single visit 8 months after intervention provided                              Control: 490 (96.1);\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     
                                                                                                                                                                                            Control + education: 513 (97.5)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           

  Yi et al., 2015[@R39]                                                                          Free spectacles + teacher incentive: *n* = 358; Prescription + parent letter: *n* = 370\   6 week follow-up:\                                      Free spectacles + teacher incentive: 6 weeks wearing 81.5% (287/352);\                                                                                                                                                                                           At the 6-month visit\                                                                                                                                                                            NR
                                                                                                 Unannounced visits at 6 weeks and 6 months                                                 Free spectacles + teacher incentive: 352 (98.3);\       6 months wearing, 68.3% (233/341)\                                                                                                                                                                                                                               \                                                                                                                                                                                                
                                                                                                                                                                                            Prescription + parent letter: 363 (98.1)\               Prescription + parent letter: 6 weeks wearing, 16.5% (60/363); 6 months wearing, 23.9% (84/352)                                                                                                                                                                  Significant:^c^ intervention group VA \< 6/18, at least one parent wears spectacles, having spectacles at baseline\                                                                              
                                                                                                                                                                                            6 month follow-up:\                                                                                                                                                                                                                                                                                                      Non-significant:^c^ sex, age, location, parents education, being only child, believes wearing spectacles harms vision, mathematics score, parents employed, family wealth, blackboard use        
                                                                                                                                                                                            Free spectacles + teacher incentive: 341 (95.3);\                                                                                                                                                                                                                                                                                                                                                                                                                                                                         
                                                                                                                                                                                            Prescription + parent letter: 352 (95.1)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  **Randomized/non-randomized controlled trials: ready- versus custom-made spectacles**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               

  Zeng et al., 2009[@R40]                                                                        Ready-made: *n* = 250; custom-made: *n* = 245\                                             Ready-made: 208 (83.2);\                                Wearing: ready-made: 46.9% (98/209); custom-made:\                                                                                                                                                                                                               Non-significant:^c^ being provided with custom- compared with ready-made spectacles                                                                                                              NR
                                                                                                 Unannounced single visit 1 month after spectacles dispensed                                custom-made: 206 (84.1)                                 51.4% (106/206)                                                                                                                                                                                                                                                                                                                                                                                                                                                   

  Morjaria et al., 2017[@R47]                                                                    Ready-made: *n* = 232; custom-made: *n* = 228\                                             Ready-made: 184 (79.3);\                                Wearing or had them at school:\                                                                                                                                                                                                                                  Non-significant:^e^ being provided with custom- compared with ready-made spectacles                                                                                                              NR
                                                                                                 Unannounced single visit 3--4 months after intervention provided                           custom-made: 178 (78.1)                                 ready-made: 75.5% (139/184); custom-made: 73.6% (131/178)                                                                                                                                                                                                                                                                                                                                                                                                         

  **Observational studies following school eye-care programmes**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  Castanon Holguin et al., 2006[@R34]                                                            *n* = 654\                                                                                 493 (75.4) Participants aged ≥ 19 years were excluded   Wearing: 13.4% (66/493);\                                                                                                                                                                                                                                        Significant: ^c^ older age, rural residence, mother's education, myopia \< --1.25 D, hyperopia \> +0.50 D\                                                                                       Concerns about appearance and being teased (16.6%, 82/493), forgot (16.6%, 82/493); use only occasionally (14.2%, 70/493)
                                                                                                 Single visit at 4--18 months after dispensing spectacles                                                                                           in possession: 34.3% (169/493)                                                                                                                                                                                                                                   Non-significant:^c^ sex, length of time since spectacles dispensed                                                                                                                               

  Congdon et al., 2008[@R35]                                                                     *n* = 810\                                                                                 483 (59.6)                                              Wearing: 30.8% (149/483);\                                                                                                                                                                                                                                       Significant: ^c^ female, shorter time to follow-up\                                                                                                                                              NR
                                                                                                 Unannounced single visit at 4--11 months after dispensing spectacles                                                                               in possession: 13.9% (67/483)                                                                                                                                                                                                                                    Non-significant: age, presenting VA worse eye                                                                                                                                                    

  Li et al., 2008[@R45]                                                                          *n* = 674\                                                                                 597 (88.6)                                              Purchased: 35.2% (210/597); wearing: 63.9% (of those that purchased; 134/210)                                                                                                                                                                                    Significant:^c^ worse VA at baseline, spherical equivalent \< --2.00 D, willing to pay more for spectacles\                                                                                      Owned spectacles at baseline: current spectacles are good enough (77.9%, 109/140), spectacles too expensive (11.4%, 16/140), have symptoms from current spectacles (6.4%, 9/140)\
                                                                                                 Single visit 3 months after intervention provided                                                                                                                                                                                                                                                                                                                                                                   Non-significant:^c^ age, sex, parents' education, baseline visual field score, home floor space per resident                                                                                     Did not own spectacles at baseline: spectacles not needed (48.7%, 110/226), price (17.7%, 40/226), harmful effects of spectacles on vision (12.8%, 29/226)

  Odedra et al., 2008[@R48]                                                                      *n* = not stated\                                                                          108                                                     Wearing: 37.0% (40/108)                                                                                                                                                                                                                                          Non-significant:^c^ sex                                                                                                                                                                          Name-calling, concerns over safety of spectacles (harm), cost
                                                                                                 Unannounced single visit 3 months after intervention                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 

  Keay et al., 2010[@R44]                                                                        *n* = 428\                                                                                 415 (97.0)                                              Wearing: 46.5% (193/415); in possession: 2.7% (11/415)                                                                                                                                                                                                           Significant:^c^ female, lower income, spectacles VA \< 6/6, pupil size ≥ 4 mm, less trouble with appearance\                                                                                     NR
                                                                                                 Unannounced single visit 1 month after dispensing spectacles                                                                                                                                                                                                                                                                                                                                                        Non-significant:^c^ age, having custom-made spectacles                                                                                                                                           

  Santos et al., 2011[@R37]                                                                      *n* = 79\                                                                                  62 (78.5)                                               Wearing: 87.1% (54/62)                                                                                                                                                                                                                                           Non-significant:^e^ sex, age, presenting VA                                                                                                                                                      Poor frame to face adjustment, prejudice from colleagues
                                                                                                 Single visit 3 months after dispensing spectacles                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    

  Rustagi et al., 2012[@R36]                                                                     *n* = 51\                                                                                  48 (94.1)                                               Purchased: 70.8% (34/48); wearing: 20.8% (10/48)                                                                                                                                                                                                                 Non-significant:^e^ sex                                                                                                                                                                          Harmful effect of spectacles on vision (57.9%, 22/38); anticipation of teasing from other students (52.6%, 20/38); difficulty in getting married (50.0%, 19/38)
                                                                                                 Single visit 8 months after dispensing spectacles                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    

  Gogate et al., 2013[@R43]                                                                      *n* = 2312\                                                                                1018 (44.0)                                             Wearing: 29.5% (300/1018); in possession: 2.1% of those not wearing spectacles (15/718)^g^                                                                                                                                                                       Significant:^c,f^ myopia \< --2.00 D, VA \< 6/18 to 3/60 at baseline, higher academic performance\                                                                                               Teased about spectacles (19.8%, 142/718), spectacles broken (17.4%, 125/718), spectacles at home (16.3%, 117/718)
                                                                                                 Unannounced single visit at 6--12 months after dispensing spectacles                                                                                                                                                                                                                                                                                                                                                Non-significant:^c,f^ sex, age, VA 6/12 to 6/18                                                                                                                                                  

  Rewri et al., 2013[@R61]                                                                       *n* = 742\                                                                                 493 (66.4)                                              Purchased: 40.2% (198/493); wearing: 81.3% (of those who purchased) (161/198)                                                                                                                                                                                    NR                                                                                                                                                                                               NR
                                                                                                 Single visit 9 weeks after second vision screening                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   

  Glewwe et al., 2016[@R42]                                                                      *n* = 1978\                                                                                NR                                                      Accepted spectacles: 70.0% (1384/1978)                                                                                                                                                                                                                           Significant:^d^ male, worse VA, household head is a teacher, higher township per capita income\                                                                                                  Household head refused (31.5%, 187/594), child refused (15.0%, 89/594), cannot adjust to spectacles (10.3%, 61/594)
                                                                                                 Assessed acceptance of receiving spectacles rather than wearing                                                                                                                                                                                                                                                                                                                                                     Non-significant: having spectacles at baseline, household head is a village leader, head years of schooling, test scores, county location, Tibetan, school level                                 
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

D: dioptre; NR: not reported; VA: visual acuity.

^a^ Spectacles were recommended to be purchased after provision of a prescription, but not provided.

^b^ Intervention package consisted of 23 components related to spectacle frame and fit, education and motivation, and conduct of the screening.

^c^ Multivariate analysis.

^d^ Probit estimate associated with accepting spectacles.

^e^ Univariate analysis.

^f^ Myopia sample only.

^g^ Percentages have been recalculated as discrepancies existed between the reported values and reported percentages. Compliance rates may not be reliable.

### Spectacle compliance

There were 17 studies either assessing interventions to increase spectacle purchase or compliance or investigating factors associated with increased spectacle wear ([Table 2](#T2){ref-type="table"}). While an intervention designed to promote spectacle purchase was deemed ineffective in China,[@R65] one that included free spectacles was shown to increase spectacle wear in India.[@R41] Free spectacles also resulted in higher compliance compared with provision of a prescription only,[@R38] a prescription and a letter to the parents,[@R39] or when provided in conjunction with an education programme.[@R46] In observational studies following school-based eye-care programmes, spectacle compliance ranged from 13.4% (66/493) in Mexico[@R34] to 87.1% (54/62) in Brazil.[@R37]

Due to variations in reporting, it was not possible to identify which demographic factors were consistently associated with spectacle purchase and ongoing wear. However, girls, children with higher maternal education and children with poorer visual acuity at presentation were generally more likely to be wearing spectacles at follow-up. Many studies[@R28]^,^[@R33]^,^[@R36]^,^[@R37]^,^[@R41]^,^[@R43]^,^[@R45]^,^[@R48]^,^[@R56]^,^[@R64]^,^[@R66] reported that children's experiences or perspectives of wearing spectacles were linked to stigma and discrimination, or included verbal[@R36]^,^[@R37]^,^[@R48]^,^[@R56] or physical abuse.[@R43] In Timor-Leste, 18.1% (43/237) of children surveyed believed that vision-impaired people could not attend school.[@R28] Other common reasons for not wearing prescribed spectacles included a lack of perceived need,[@R45]^,^[@R65]^,^[@R66] fear of potential harm,[@R36]^,^[@R45]^,^[@R48]^,^[@R65]^,^[@R66] affordability[@R45]^,^[@R48]^,^[@R66] and parental objections.[@R42]^,^[@R66] Support networks within schools, including health promotion interventions,[@R28]^,^[@R41]^,^[@R59] teacher training[@R60] and curriculum-based eye health education,[@R23]^,^[@R58] were key in correcting negative perceptions regarding spectacles or eye care.

Quality
-------

### Spectacle quality and provision guidelines

Concerns about the quality of spectacles[@R34]^,^[@R43]^,^[@R65] or the inability to replace them[@R42]^,^[@R48] were reported as factors related to the unwillingness to purchase or wear them. Ready-made spectacles are often a cost--effective and acceptable strategy for reducing the time of a clinician's visit and to dispense spectacles,[@R40]^,^[@R47] and were acceptable to many children.[@R39]^,^[@R44]^,^[@R47]

As poorer visual acuity has been associated with increased spectacle acceptance and compliance, several studies have recommended only prescribing spectacles to children with more severe refractive error.[@R34]^,^[@R47]^,^[@R54]^,^[@R56] However, a randomized controlled trial investigating the effect of various refractive cut-off protocols on compliance found no associations.[@R35] As small differences in refractive cut-offs are likely to have a significant impact on spectacle provision and programme costs, further investigations of spectacle prescribing guidelines are warranted.

### Quality of trained teachers as screeners

There are inherent benefits in using teachers to conduct initial screening as compared with visiting eye-care specialists, particularly in terms of cost--effectiveness. Identified studies reported on the sensitivity (the percentage of children correctly identified with vision impairment) and specificity (the percentage of children correctly identified as not having vision impairment) of various school personnel ([Table 3](#T3){ref-type="table"}). While teachers have demonstrated adequate sensitivity and specificity in a variety of settings, sensitivity was reduced with younger children[@R56] and when screening cut-off thresholds were lower.[@R54]^,^[@R55] The type of vision chart used was also suggested to affect teacher sensitivity and screening function.[@R55] Screening specificity is also critical due to the unnecessary burden placed on the limited numbers of eye-care specialists. One study reported that teachers sometimes overestimate the risk, and refer children who do not require visual correction.[@R20]

###### Ability of various cadres to identify vision impairment from review of school-based eye-care programmes in low- and middle-income countries

  Study                                Screening cadre                   Population screened                                                 Gold standard                     Outcome                                                       Percentage sensitivity (95% CI)   Percentage specificity (95% CI)   PPV (95% CI)           NPV (95% CI)
  ------------------------------------ --------------------------------- ------------------------------------------------------------------- --------------------------------- ------------------------------------------------------------- --------------------------------- --------------------------------- ---------------------- ----------------------
  Khandekar et al., 2009[@R51]         Kindergarten teachers             7768 children aged 3--6 years                                       Optometrist                       VA \< 20/40 (6/12) correctable by spectacles of \>  ± 0.5 D   74.5 (72.7--76.3)                 97.2 (96.7--97.6)                 96.6                   86.6
  Tabansi et al., 2009[@R55]           Teachers                          1300 children aged 6--11 years                                      Study investigators and doctors   VA \< 6/18 in either or both eyes                             53.3                              98.4                              79.3                   94.7
  Adhikari & Shrestha, 2011[@R49]      Certified medical assistants      528 children aged 3--7 years                                        Paediatric ophthalmologist        VA \< 6/12 (HOTV^a^ chart)                                    80.0                              99.0                              --                     --
  Abnormal red reflex test             16.0                              97.0                                                                --                                --                                                                                                                                                       
  Screening pass/fail                  58.0                              96.0                                                                30.4                              98.8                                                                                                                                                     
  Rewri et al., 2013[@R61]             7411 children aged 10--19 years   817 children with self-assessed impaired vision aged 10--19 years   Optometrist                       VA ≤ 6/12 (self-examination)                                  96.2 (94.5--97.4)                 90.2 (87.8--92.2)                 90.8 (88.6--92.7)      96.0 (94.1--97.2)
  Latorre-Arteaga et al., 2014[@R52]   Teachers                          33 children aged 3--5 years                                         Ophthalmic assistants             VA \< 6/9 in one or both eyes                                 --                                95.8 (92.8--98.7)                 59.1 (36.3--81.9)      --
  30 children aged 5--11 years)        VA ≤ 6/9 in one or both eyes      --                                                                  93.0 (89.0--96.9)                 47.8 (25.2--70.4)                                             --                                                                                         
  Teerawattananon et al., 2014[@R56]   Pre-primary teachers              1132 children, pre-primary grades                                   Ophthalmologist                   Presenting VA \< 20/40 (\< 6/12) ('E' chart)                  25.0 (23.0--27.0)                 98.0 (97.0--99.0)                 --                     --
  Primary teachers                     4171 children, primary grades     Presenting VA \< 20/40 (6/12) (Snellen chart)                       59.0 (57.0--61.0)                 98.0                                                          --                                --                                                       
  Priya et al., 2015[@R53]             Selected teachers                 6225 children aged 6--17 years                                      Ophthalmic team                   VA \< 20/30 (6/9.5) in either eye                             --^b^                             --^b^                             --^b^                  --^b^
  All teachers                         3806 children aged 6--17 years    VA \< 20/30 (6/9.5) in either eye                                   --^b^                             --^b^                                                         --^b^                             --^b^                                                    
  Saxena et al., 2015[@R54]            Teachers                          9383 children aged 6--15 years                                      Primary eye-care worker           VA \< 6/9.5                                                   79.2 (77.0--81.2)                 93.3 (92.7--93.8)                 --                     --
  VA \< 6/12                           77.0 (74.1--79.7)                 97.1 (96.7--97.4)                                                   --                                --                                                                                                                                                       
  VA \< 6/15                           55.0 (54.1--59.7)                 99.1 (98.8--99.2)                                                   --                                --                                                                                                                                                       
  Kaur et al., 2016[@R50]              Teachers                          129 children aged ≤ 16 years                                        Ophthalmologists                  VA \< 6/9 in either eye                                       98.0 (88.0--99.9)^c^              27.8 (18.6--37.2)^c^              46.2 (36.6--56.1)^c^   95.7 (76.0--99.8)^c^

D: dioptre; PPV: positive predictive value; NPV: negative predictive value; VA: visual acuity.

^a^ An HOTV vision testing chart contains the letters H, O, T and V.

^b^ Sensitivity and specificity results not provided; studies are included in the table for completeness.

^c^Sensitivity, specificity and 95% confidence intervals were calculated from reported values of true positive, true negative, false positive and false negative.

Training can improve teacher performance, as highlighted in examples from Peru where strategies to increase teacher engagement resulted in higher levels of teacher involvement and increased confidence in vision screening.[@R30]^,^[@R52] Elsewhere, strategies used to increase teacher screening quality and engagement included: involving all class teachers in the vision screening programme, as compared with selected teachers;[@R53] using adequate and structured training to increase knowledge and screening performance;[@R29]^,^[@R58] involving ophthalmologists in training to increase motivation;[@R53] and greater emphasis on accurately measuring visual acuity.[@R56] Financial incentives may encourage teachers to participate,[@R51]^,^[@R56] and were shown to increase spectacle compliance through additional teacher motivation.[@R39]

Discussion
==========

This systematic review revealed many factors that affect the delivery of eye-care services to children in schools. The rights-based framework[@R12] allowed us to explore the various dimensions of service delivery, extending beyond physical availability to accessibility, acceptability and service quality. The consideration of culture, discrimination and economic factors highlights the importance of social and systemic inequality and its impact on accessibility.[@R68]^,^[@R69] Our review explored how school-based eye-care services function and connect with general health systems, how stakeholders interact with school-based eye-care services and programmes, and the possible paths to meeting population needs in a way that is equitable and responsive.[@R70]^,^[@R71] School-based eye-care interventions (including vision screenings) are key to reducing morbidity and developmental delays associated with vision impairment, while promoting early detection and prevention of eye diseases.[@R67]^,^[@R72] Increasing the availability of school-based eye-care interventions in low- and middle-income countries can help to address the burden on poorly resourced secondary and tertiary eye-care,[@R73]^,^[@R74] and enhance access for underserved rural children.[@R21]^,^[@R30]

Effective coordination between education and health systems is essential for appropriate referral pathways and follow-up mechanisms.[@R22]^,^[@R33]^,^[@R34]^,^[@R52] At the policy level this requires cooperation between the ministries of health and education, and a national eye-care plan that includes school-based eye-care.[@R52]^,^[@R56]^,^[@R58] Without a policy-based foundation, programmes to provide high-quality and cost--effective school-based eye-care, including training teachers[@R29]^,^[@R50]^,^[@R52]^,^[@R58] and school nurses[@R21] in vision screening, will face challenges in acquiring resources and achieving sustainable outcomes.

Recent standard guidelines for comprehensive school-based eye-care programmes state that vision screening should use only one row of optotypes at the 6/9 visual acuity level.[@R67] Standardized assessment and equipment (using a tumbling E chart) would reduce the current inconsistency in referral standards, and allow improved monitoring of quality and compliance. We also identified teacher training strategies that could be applied to increase teacher engagement and the quality of screening.

Because economic considerations are important in low- and middle-income countries, the provision of low-cost or free spectacles can improve access. However, the cost--effectiveness of screening and prescribed spectacles must be carefully considered to ensure sustainability. Our review identified the need to improve perceptions and awareness of eye-care services and treatments (particularly spectacles) among parents and children; we suggest health promotions that aim to (i) reduce misconceptions and stigma among parents, children and the broader community; and (ii) engage potential school-based eye-care providers such as teachers, school nurses and community health workers. A rights-based approach focusing on the link between good vision and childhood educational development is recommended, while also considering cultural factors.

Our systematic review was executed according to recommended guidelines.[@R13] The literature consisted of a broad range of qualitative and quantitative studies, and our use of the rights-based conceptual framework[@R12] enabled us to analyze the data in a well structured manner. However, data extraction and coding was only performed by a single reviewer due to time and resource constraints, which may have resulted in the omission of some data.

In conclusion, providing school-based eye-care interventions is challenging and reliant on economical, sociocultural, geographical and policy-based factors. With these determinants considered, school-based eye-care interventions have great potential to reduce the morbidity and developmental delays caused by childhood vision impairment and blindness. Teachers and nurses are well placed to provide school vision screenings, particularly where there is a lack of eye-care specialists. Policy-based support, with a focus on health systems rather than a focus on a single disease, is crucial for school-based eye-care interventions to be sustainable.
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